The conservation value of open space depends upon the quantity and quality of the area protected, as well as how it is designed and managed. This study reports the results of a content analysis of Florida county Land Development Regulations. Codes were reviewed to determine the amount of open space required, how open space is protected during construction, the delegation of responsibilities, and the designation of funds for management. Definitions of open space varied dramatically across the state. Most county codes provided inadequate descriptions of management recommendations, which could lead to a decline in the conservation value of the protected space.
Introduction
Throughout the United States, sprawling development patterns consume excessive amounts of land and result in a pattern of haphazardly arranged, unplanned, car-dependent communities [1, 2] . Direct results of sprawl include increased pollution and congestion, the loss of farmland and open space, and the destruction of rare habitats [1, 3, 4] . To combat sprawl, cities and counties are adopting new practices, policies, and solutions that minimize sprawl by emphasizing resource conservation and low impact development techniques as an alternative to conventional suburban development [5] .
OPEN ACCESS
Florida is by no means immune to sprawl or its impacts. Over the next quarter century, an additional 12 million people will become Florida residents [6] . This rapidly increasing human population will spark increased growth, demand for energy, water, and new homes [7] . Florida communities have adopted a number of different methods to manage growth. Typically, these methods include regulations (e.g., required wetland protection) or incentives (e.g., increased development density for natural area protection). The Growth Management Act, adopted in 1985, is one example of a statewide regulatory mechanism designed to manage growth [8, 9] . The Act requires that each county and city in Florida implement a Comprehensive Plan that includes transportation and housing elements, as well as guidelines for the preservation and protection of open space [8, 9] . Florida state statutes require that cities and counties explain "specifically" in a "detailed" manner how they designate and regulate open space [10] . To do this, cities and counties employ Land Development Regulations (LDRs), which explain how the land development elements, included in the comprehensive plan will be implemented locally [8] [9] [10] .
Open space is one of the many elements addressed in county LDRs. Open space can include natural habitats such as forests, fields, and wetlands as well as areas for passive recreational activities such as biking and walking trails [11, 12] . The conservation value of open space is contingent on its design (i.e., the quantity or quality of habitat protected), impacts from nearby areas (e.g., subdivisions), and long-term management [12, 13] . Here, we define conservation value as protecting natural resources, such as wildlife habitat, water bodies (e.g., streams, lakes, and wetlands), and native plant communities. Policies regulating open space often focus solely on design while neglecting management [14] [15] [16] [17] [18] [19] 
Sustainable Development and the Conservation of Open Space
Recent sustainable development strategies include setting aside open space as part of the subdivision design. If designed and managed properly, this type of development can minimize land degradation, reduce edge effect, and enhance landscape connectivity [3, 12, [20] [21] [22] [23] . Conserving natural areas can combat pollution and protect water quality by minimizing erosion and reducing runoff to local streams and water bodies [3, 23] . Open space that connects to existing natural areas can enhance regional connectivity and wildlife habitat by protecting critical areas including wetlands, woodlands, and meadows [3, 13, [24] [25] [26] [27] . Large conservation areas near private subdivisions in Colorado and North Carolina provided shelter for large mammals such as ungulates and black bears [28] . In a study of six clustered subdivisions in Boulder, protected areas provided refuge for several native flora and fauna species [13] . Even small areas (1 to 50 ha), if designed and managed properly, can provide refuge for birds, mammals, reptiles, and insects [29] . However, the design and maintenance depends on the target animals or plants that the open space is intended to conserve [12] .
Communally managed open space can provide social benefits as well, encouraging interaction between residents [3] . The presence of open space can increase community-wide quality of life [23] , lead to increased property values [24, 30] , and foster a sense of responsibility for and connection to local natural resources [3] . In Florida, there is widespread support for the protection of natural areas and farmland [4, 24, 30] . For example, voters approved more than $42 million to enhance existing parks and purchase new lands in 2001 [31] . Across the U.S., many homebuyers prefer living in open space communities and are willing to pay premium prices for attractive lots [3, 14, 24, 26, 30, 32] . The private protection of open space provides municipalities and citizens with the benefit of open space, while minimizing the public cost of purchasing land [32] . Minimizing the development footprint can also diminish development costs in subdivision preparation and infrastructure [25, 26, [32] [33] [34] . As a result, developers can reduce building costs and sell homes more quickly, at a higher price than comparable homes in a traditional development [33, 34] .
Whether small or large, the degree to which open space protects natural resources and biodiversity depends on the design and management of both the built and conserved areas [12] . Failure to address critical design and management elements can result in the creation of open space areas with little or no conservation value. Without the management of conserved areas, biodiversity can deteriorate due to invasions by exotic species or pest outbreaks [7, 35, 36] . In several urban developments in Colorado, lack of management contributed to high densities of non-native species in the open space areas [13] . Without management, natural habitat can degrade and lose wildlife value over time [12, 13] . For example, Florida longleaf pine ecosystems must be burned (depending on local site conditions) every two to four years to prevent oaks and other hardwoods from taking over [37] . Typically, policies and examples of open space protection throughout the U.S. focus primarily on the design of these areas; the long-term management of both built areas and conserved open space is rarely addressed [12, 38] .
Best Practices for Enhancing the Conservation Value of Open Space
If a developer or county wishes to protect the conservation value of open space, a number of important design and management elements should be addressed. First, relatively undisturbed natural areas should be identified as part of the upfront subdivision planning and design [11, 12] . To prevent the creation of open space with low quality habitat, policies should address the type of natural habitat to be conserved (e.g., high quality wetlands or uplands). Open space should include large and contiguous areas of habitat, and these should connect to protected areas outside of the development footprint [23, 39] . In addition, built areas should be clustered in one section of a development, separate from conserved areas [12, 13, 20, 21] . Proximity of human elements can affect the use of open space by sensitive species [13, 21, 22] ; for example, the prevalence of sensitive bird species generally declines as proximity to development increases [21] . Finally, appropriate activities and elements within conserved open space should be clearly identified (e.g., no roadway, no pets off leash) [17, 26] .
The management and maintenance of open space within developed areas is critical to achieving the conservation goals of a development [18, 36] . As such, a variety of management activities may be employed, including prescribed burning, pest control, erosion prevention, restoration of native flora through plantings, managing for specific wildlife populations, and the removal of invasive plants or animals. In situations where native vegetation is lacking and habitat quality is poor, management efforts should include the restoration of native flora to increase biodiversity [12] . Written management plans are important and should provide a clear site description, a statement of intended uses, and goals of various management activities, e.g., enhancing wildlife habitat, preventing the spread of invasive species, and improving water quality [17] . Good management plans can help create functional habitat with higher levels of biodiversity than subdivisions without such plans [12, 13, 28] . Most management practices require a source of funding; therefore, a good management plan should identify a long-term funding source.
Because nearby built areas can have a significant impact on high quality conserved habitat, management activities should extend beyond the conserved spaces, to the community living within the development [12, 13, 18] . Homeowners' behaviors, such as the replacement of turf with native vegetation, can reduce the spread of exotic species to natural areas and eliminate the need for pesticides and fertilizer on each individual yard [18, 40, 41] . Moreover, homeowner activities within the open space, such as allowing free-range dogs or cats, can compromise the ecological integrity of the protected habitat [7, 12] . The Town of Harmony in Florida has developed and implemented a management plan that addresses natural resource conservation on both the built and conserved areas (http://www.wec.ufl.edu/extension/gc/harmony/). The developer designated funding for open space management; engaged local residents with environmental education efforts; hired a conservation manager; and wrote a covenants, codes, and restrictions document (CCR) that addressed management issues, including a list of the behaviors appropriate in both the built and conserved areas [42] .
Methods-Content Analysis of Florida LDRs

County Selection
We obtained electronic copies of LDRs from all 67 Florida counties. We removed city LDRs for the purpose of this study. We believe this was appropriate, because the greatest opportunity for open space preservation is in the unincorporated areas of counties. Codes were collected through county offices and the Municode Online Library [43] . Jackson and Baker County LDRs were under review; therefore, drafts of the proposed LDRs were analyzed. Complete electronic versions of the LDRs for Lafayette, Nassau, Dixie, Union and Suwannee counties were not readily available; instead select chapters (subdivision design, zoning, and planned unit developments (PUD) regulations) were analyzed for content.
Analyses
The actual application of land development policy takes place at the local level through LDRs and zoning codes. Therefore, a content analysis of LDR documents should provide an in-depth picture of how county regulations address open space protection and management. Content analyses allow researchers to appraise the content of a wide range of sources, including newspaper articles, books, and private document [44, 45] .
To establish the content analysis categories, we used recommendations from a model ordinance written for Georgia by the Atlanta Regional Council [26] , published articles [11] [12] [13] 21, 22, 28, 38] , and a Land Use and Management Plan created by the Commonwealth of Massachusetts Executive Office of Environmental Affairs Division of Conservation Services [17] .
The final coding instrument was used to evaluate all sections of the LDRs including zoning and subdivision ordinances. Questions were divided into 3 sections: 16 addressed open space designation, 12 concerned long-term management, and 6 were open-ended questions. The 16-item open space series of questions was collapsed into the Open Space Index (OSI) (Cronbach's α = 0.77). Cronbach's alpha is a measure of scale reliability and internal consistency [46] . The OSI scale measured the degree to which county LDRs designated and defined open space within residential developments. For open space management, the 12 questions concerning management best practices were brought together into the Management Index (MI) (Cronbach's α = 0.84).
The coding instrument included 28 questions; counties scored one point if they addressed a given index question in their policy (for example: does the county have a definition of open space, does it require an open space management plan? 1= yes, 0 = no). Coders were provided with a detailed coding protocol that included definitions of key terms and specific instructions about the possible responses for each question. A priori testing of the coding protocol ensured that all the relevant terms and criteria were listed and comprehensible. We realize that not all items are equal; some may play a more significant role in the designation of open space than others. However, we do not know how much weight to allocate to each item. Therefore, we assigned each of the scale items the same weight. Points were summed to form the Open Space Index (maximum 16 points) and Management Index (maximum 12 points). These were summed to generate a Total Policy score (maximum 28 points). The final six questions were open-ended. Coders identified common concepts or themes used to designate and manage open space. Qualitative themes were extracted.
We trained three coders to define and identify the key terms of interest within the LDRs [44] . After training, the coding instrument and guidelines were reviewed and we redefined terms as needed. For this research, open space included only conserved areas contained within a private residential development. Regulations addressing the protection of natural areas outside of developments, privately or publicly owned areas, including parks, baseball fields, and playgrounds were not evaluated.
A standard level of acceptable agreement between coders is 80% [44] . To address coding reliability, seven county LDRs from the main sample were randomly selected, scored independently by three coders, and percent agreement was calculated [44, 47] . Four questions showed significant deviation between coders. Coders were retrained on those four questions and after retraining, we achieved overall agreement of 89%. Coders scored the remaining counties individually.
To allow for comparison between the scales, the OSI and MI scales were standardized (OSI/16 and MSI/12). We conducted a paired t-test to determine if Open Space Indices differed significantly from Management Indices. A Pearson's r correlation measured the strength of the association between OSI and MI. Finally, we conducted some preliminary explanatory analyses of the various county factors (e.g., population size, total acres conserved by local government, home prices etc.) that might predict high or low Total Policy scores. The total conservation land protected by local government (LocCSV) and the percent total county land in conservation (%LAND) was estimated from the Florida Natural Areas Inventory 2009 (http://www.fnai.org/). Per capita income (INCOME), and voter registration (VOTE) in the 2008 general election were gathered through county websites and the Bureau of Economic and Business Research http://www.bebr.ufl.edu/node/20. LocCSV was measured by acres of total conservation area and this ranged from no areas of conservation area to over 60,000 acres per county. The %Land was calculated by dividing the LocCSV from the total county area in acres. INCOME ranged from low values $17,000 to higher values $63,000. Pearson's r correlations were computed to determine the relationships between LocCSV, INCOME, VOTE, POP, %LAND and the Total Policy Score. For all tests alpha was 0.05. 
Results
Open Space Designation
Fifty counties provided a definition of open space (Table 1) A fair amount of attention was given to identifying allowable hardscape and recreational elements within the open space with 61% of the counties mentioning the former and 64% specifying the later. Responses for allowable and prohibited elements were diverse. More than half of the counties allowed structures and accessories for recreational purposes. Golf courses were addressed in a multitude of contradictory ways. Some counties counted them as open space; two counties (Citrus and Lake) allowed them but specified that accessory structures for active recreation, such as clubhouses, were prohibited. Hillsborough County specified that golf courses could not qualify as open space. A majority of the counties prohibited roads within the open space.
Management of Open Space
The most widely mentioned policy was maintenance of the open space, with more than half (55%) of the counties addressing this element. In addition, 34% required developers to specify how long management activities would be provided. Eighteen counties (27%) mentioned easements as a method of long-term protection. Other methods discussed within the LDRs included conservation easements (25%) or regulations through the homeowners' codes covenants and restrictions (CCRs) (19%) . Approximately half of the counties (46%) required clear allocation of management responsibilities to some type of management entity. When we reviewed how long open space areas should be managed, fewer counties required long-term/perpetual management (34%) than no time requirement (65%). Only 18% of the counties required developers to submit a management plan to receive development approval. Few counties insisted that plans have clear objectives (6%) and that major changes be approved by a regulatory entity (4%). Few counties (9%) mandated the provision of access to the protected areas, funding to support ongoing management activities (3%), or highlighted consequences for not implementing management (6%).
County OSI and MI Scores
Open-space index scores (OSI) ranged from 0 to 14; management index scores (MI) ranged from 0 to 10 ( Table 2 ). The Total Policy scores were computed as a sum of the OSI and MI scores and ranged from 0 to 24 (out of 28) (Figure 1) . Alachua County had the highest total score (24) followed closely by Santa Rosa County (21) ( Table 2) . Union, Dixie, and Miami counties had the lowest scores (0), the former two provided only select chapters for review. The open space and management indices were positively correlated (r = 0.624, P < 0.01). The standardized management scores (µ = 0.195) were significantly lower than the open space index scores (µ = 0.427, t = 10.43, P < 0.001, CI 0.95 0.187, 0.276). There were moderate but significant positive correlations between Total Policy scores and LocCSV (r = 0.298, P < 0.05), VOTE (r = 0.351, P < 0.01) and INCOME (r = 0.379, P < 0.01). As Total Policy scores increased so did the acreage of local conservation land, the number of registered voters, and per capita income). 
Discussion
More Few of the Florida county regulations addressed the shape or size of the designated open space or how it connects to surrounding natural areas. This omission can lead to the protection of habitat with reduced conservation value [28] . Small habitat fragments are not as effective in providing wildlife habitat as larger areas, therefore, it has been recommended that protected areas with subdivisions include at least 20% of the total developable land area [13, 26] . Counties looking to protect areas with high conservation value through the designation of open space should ensure that LDRs address the shape, size and connectivity of the open space with this goal in mind. Sustainable development techniques in the wrong location and inappropriate form can still contribute to the degradation of both environmental and cultural communities [48] .
Critics of open space protection argue that protected areas within residential developments typically preserve wetlands, floodplains, and areas that are either too expensive to develop or already protected by state regulations [26] . Only a small number of Florida counties required specifics about the type of habitat requiring protection; counties may be protecting areas already protected or even areas with low value for wildlife or conservation. Further, few county policies adequately addressed the potential human impacts on open space, from construction techniques to household behaviors. Construction activities can have a significant effect on natural areas [49] . For example, lack of signage can contribute to the encroachment of heavy machinery in the protected areas, causing the destruction of natural vegetation. Improper installment and management of silt fences can result in severe sediment run-off in wetland areas. Homeowners play an important role in how open space functions over the long term [12, 15, 16] . Residents make decisions about which plant species to install in their yard, whether to allow their pets to roam free, whether to feed wildlife, and how much fertilizer to use; all of these decisions can negatively affect natural areas [14, 22, 36, [50] [51] [52] . Studies indicate that few residents understand the environmental importance of natural areas nor do they possess the expertise necessary to manage protected areas [16, 20, 36] . Building community support for conservation goals and awareness about natural areas can help mitigate human activities that would negatively affect sensitive areas [12, 13, 53] . Homeowners associations (HOAs) generally have the authority to enforce codes, covenants and restrictions (CCRs) which regulate how homes, yards, and neighborhoods are maintained [7, 54] . HOAs can raise funds or dues to pay for education programs and other engagement activities such as removing invasive exotic plants. To encourage community land stewardship, open space LDRs should contain language that addresses the management of nearby lots and the engagement of residents.
Results indicated that Florida county LDRs do not adequately address the management of open space areas, as management scores were much lower than open space designation scores. An important regulatory measure would require developers to implement an environmental education program targeting residents residing near natural areas with high conservation value. Such educational efforts can improve the environmental knowledge, attitudes, and behaviors of homeowners [55] . Other regulatory efforts could involve the establishment of conservation easements; a legal agreement between a property owner and an easement holder (generally a government body, or land trust) [26] . Another method is the requirement of CCRs that contain environmental language that specifically addresses the care and management of natural open space and nearby built areas. CCRs can encourage practices such as land stewardship and the conservation of wildlife habitat within both open areas as well as the surrounding built areas. Both CCRs and conservation easements agreements can stipulate maintenance responsibilities for natural areas, including exotic plant removal, controlled burns, and the upkeep of walking trails, and signage within the open space [54] .
Our preliminary results suggest that the Total Policy score has a positive relationship with total local conservation area (acres), per capita income and voter registration. It is therefore possible that counties with high Total Policy scores protect more acres of land than counties with low Total Policy scores. However, more research would be necessary to establish a causal relationship between these two variables. The number of registered voters within a county typically increases directly with the total county population. Therefore, the total area of open space protected in the county and the strength of the LDRs may be a function of county size. Large counties with wealthier residents probably have larger budgets, which allow for greater funds for conservation designation and management.
This study focused solely on county LDRs. It is possible that this narrow focus ignored other methods that local policy makers use to promote effective designation and long-term management of open space in the absence of strong LDR language. Future research could identify the non-regulatory tools, such as education or social marketing that have been used throughout the state to encourage open space designation and management. These tools can be incredibly important in encouraging the actual implementation of sustainable development practices, such as the designation of open space. Despite ample evidence that the presence of open space can increase the sale price of a home [3, 24, 26, 30, 32, 38] financiers, developers and investors often perceive alternatives to conventional development as more difficult to complete, and therefore involving more risk and cost [56] . Moreover, developers cite a preference for incentives and education over regulation [57] . Therefore, increased regulation might actually result in less effective or decreased designation of open space, due to developer concerns.
We recognize that conservation regulations are not a panacea for growth management. Ineffective open space and growth management policies can result in protected areas having little to no conservation value. For example, land use controls that mandate high-density development can actually increase sprawling development [58] . Conserving small areas of open space, less than 20% of the total land area, can result in fragmented landscapes with high densities of non-native species and low densities of native species [13] . Multiple developments scattered haphazardly throughout a region, even if they contain high value open space areas, can result in habitat fragmentation [22] . To conserve high quality habitat across a county, it is probably not sufficient to concentrate only on LDRs. Counties must also consider broad land use policies that address the combination of urban open space and how it connects to conserved lands within the rural matrix.
We conclude that there is a great deal of diversity across the state of Florida in the percentage of open space that is required for protection, how counties define open space, and the allowable or prohibited activities within the open space. In particular, management requirements are found to be inadequate. There are a number of reasons that policy makers might be reluctant to create strong regulations protecting open space within private subdivisions. These include developer resistance to comply with new or restrictive policies and the perceived difficulty in implementing management practices and an effective way to evaluate the outcomes of management plans. We submit, though, that the conservation value of open space will only be maintained and enhanced over the long term when policies and procedures address not only good designs, but also appropriate environmental management of open space and nearby residential areas.
